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Mortality and morbidity in fire victims is largely a function of
injury due to heat and/or smoke. While degree and area of
burn together constitute a reliable numerical measure ofcutaneous
injury due to heat, as yet no satisfactory measure of inhalation
injury has been developed. In this study, with fluid resuscitation
and pulmonary infection eliminated as variables, dose-response
curves were constructed as a measure of inhalation injury by
exposing burned and unburned animals to smoke of constant
temperature and toxicity under conditions similar to the fire
situation. In these animals, the natural history of inhalation
injury: 1) proved to be a relatively simple function of smoke
and burn dosage; 2) appeared to simulate and therefore aid
interpretation of the inhalation injury syndromes seen in human
fire victims; 3) indicated that within limits [COHgb] measured
immediately after injury was directly proportional to, and
might prove to be a clinically valuable measure of, absorbed
dose of smoke. While fluid resuscitation and pulmonary con-
tamination with bacterial pathogens may be eliminated
experimentally, such is not the case with the vast majority of
fire victims admitted to burn services with associated inhalation
injury. Fluid resuscitation and inhalation of a Pseudomonas
aeruginosa aerosol were therefore included serially in a study
of animals with inhalation injury and burns large enough to
require fluid resuscitation. In these animals it was demonstrated
that: 1) pulmonary edema occurred in association with too
little rather than too much fluid therapy; 2) after aerosol inocula-
tion, fatal bacterial pneumonia was difficult to produce when
inhalation injury was associated with no or only small burns,
but common when associated with a burn large enough to require
fluid resuscitation.
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BECAUSE THE EFFECTS of heat have been measurable
for so long, our understanding of fire and burns is

really quite advanced. The science of thermodynamics
has become extremely sophisticated during the 300 years
since Galileo first measured temperature; our clinical
understanding of burn injury has expanded tremendously
since we learned how to measure the per cent of body
surface area burned.

In contrast, smoke and injury due to inhalation were
not even recognized as major threats to fire victims
until the Cocoanut Grove fire in 1942. Since that time,
we have learned relatively little about either, in part
because adequate measures of smoke and of inhalation
injury have yet to be developed, and in part because
variables such as fluid resuscitation and pulmonary
infection greatly complicate clinical investigation.

In the present study we have tried to elucidate the
natural history of inhalation injury in fire victims by
correlating it with animal experiments in which both
burn and inhalation injury were numerically quantified
and both fluid resuscitation and pulmonary infection
were controlled or eliminated as variables. Although
rarely if at all mentioned in past studies of this subject,
this work emphasizes how much worse the prognosis
of inhalation injury becomes when the fire victim also
receives a major burn.
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INHALATION INJURY IN FIRE VICTIMS 101
Materials and Methods

Because they are free of pulmonary infection and
readily available, the animals used were 9-week-old,
barrier raised, specific-pathogen-free AJ strain male
mice weighing 21.6 + 2.2 gm (mean + 1 standard devia-
tion). Though not "germ free," contamination by
pathogens was avoided before and after burning,
smoke exposure, etc. by housing the animals in Trexler-
type inflatable vinyl chambers, plenum-ventilated with
filter-sterilized air.

Cutaneous Burns and Fluid Resuscitation

With the animals' trunk hair closely clipped, and
under methoxyflurane inhalation anesthesia, all burns
in this study 220% of the body surface area (BSA) were
inflicted by removing a 120 gm brass block from 1000
water and immediately applying its 3.61 cm2 burning
surface to the back of each animal for 5 seconds. The
resulting burn occupied a mean of approximately 5%
BSA.5 Burns larger than 5% BSA were inflicted by
an appropriate number of applications of similar brass
blocks to the back, flanks, and/or abdomen. Although
animals regained consciousness within minutes, a 2-hour
recovery period was allowed before further experimenta-
tion. Of untreated animals injured only by receiving
1000, 5-second burns of 5, 10, or 20% of the body surface,
0%, 17%, and 83% respectively were dead within 2
weeks. Because these mortality rates were not improved
by parenterally administered resuscitation with 0.9%
sterile saline solution equivalent to 10o or 20% of the
body weight (BW), fluid resuscitation was not given
and was therefore eliminated as a variable when this
type of burn was used. "Sham burn" animals under-
went a "burning" procedure identical to that described
above except that brass blocks were kept in water at
room temperature (230) prior to application. Animals
with "no burn" received no anesthesia and no burn
prior to smoke exposure.
To simulate in mice a large human burn responsive

to fluid resuscitation,20'29 brass blocks were heated to
only 700 before application for 4 seconds to 25% BSA
in methoxyflurane anesthetized mice. In this study, all
burns of 25% BSA were inflicted in this way and included
all areas caudal to the axillae except the tail, lower
extremities, and genitalia. With no fluid resuscitation,
44% of such animals died within 24 hours and none
died during the 2 weeks thereafter. Mortality rate was
reduced to nil in these animals when a volume of 0.9%
sterile saline equivalent to 10%I or 20% BW was injected
early postburn using the combined IP and/or SC route
described by Markley.20 With fluid resuscitation equiva-
lent to 30o BW, mortality rate was 0% at 24 hours, 8%
at 1 week, and 33% at 2 weeks postburn (PB).

Smoke Generation and Inhalation Procedures

Because of the fire environment's great complexity,9'12
we may never know which components of its atmosphere
are responsible for inhalation injury in those who breathe
it. In such multivariable situations, however, useful
information may often be developed from analysis of
experimental dose-response curves, even without knowl-
edge or measurement of specific agents. Data from
experimental domestic fires suggest that during the 6-12
minutes following ignition, atmospheric temperature
and 2, C02, and CO content within the fire environment
change relatively little within ranges which are tolerable
for brief periods.6'12 After this interval, typically,
these environmental variables change precipitously
toward levels incompatible with life for more than a
few seconds. To approximate the fire situation, therefore,
and make smoke dosage proportional only to duration
of exposure, for periods of no more than 12 minutes,
animals had to be placed in (not separated by heating,
cooling, or condensing tubing from) a chamber where
smoke was being generated at a temperature and with
an 02, C02, and CO content similar to that observed
in the early stages of experimental fires. A search of
the literature revealed no description of an apparatus
capable of generating smoke to these specifications and
therefore, a special machine had to be developed (Fig. 1).
It consisted of a stainless steel 12-sided cylinder-like
container with an exhaust and three viewing ports at
its top and 12 animal-insertion locks in its upper third.
In its base was mounted a constant velocity turntable
exposing the material to be used as fuel for smoke
production to a copper bar thermostatically controlled
at a given temperature. As cellulose and cellulose-
containing materials are the single most common fuel
in house fires,.2"7'28 in these studies a single lot of
crude cotton (70% cotton and 30% linters) of the type
used to fill mattresses and overstuffed chairs was
brought into contact with the copper bar and heated
to 400 + 40 at a rate of approximately 1 gm per minute.
The turntable progressively exposed only new material to
the copper bar and extinguished the smoldering material
shortly thereafter. It was this arrangement which provided
for continuous generation of smoke of essentially con-
stant content. A 4 liter/minute flow of air was directed
past the heating bar and over a single baffle mounted
at the base of a vertical flue located in the center of
the 12-sided chamber. As smoke moved up the flue, an
electrically heated coil mounted in the flue thermo-
statically maintained the smoke at a desired temperature
as measured near the animals' noses. Complete mixing
was assured by a nonpropulsive fan mounted in the
flue, and just above this, the animals' noses were
directed into the flue by holding the animals virtually
immobile but able to breathe with ease in well vented
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FIG. 1. Cross sectional
diagram of inhalation cham-
ber used to generate smoke
of effectively constant tem-
perature and toxicity.

'TO WATERCOOLING

MOTOR- (TURNTABLE)

plastic chambers inserted through the animal ports.
To avoid excessive heating of the turntable during smoke
generation, a coil of water-cooled copper tubing was
placed over the turntable and separated from smoke
by an asbestos insulator. The motors driving the turntable
and fan were powered electrically and sterilizable, as
were all components of the system.

Aliquots of smoke collected in glass under mercury
were taken immediately before and after each exposure
of 12 animals or less and measured for 02 and CO2 content
using a Sholander micro-gas analyzer.30 Collected at the
same time in rubber bags from which CO loss per hour
was barely if at all detectable, larger aliquots of smoke
were measured for carbon monoxide content using an
infrared CO analyzer within two hours of collection.
For measurement of CO hemoglobin content [COHgb],
heart blood was drawn from groups of three mice within
three minutes after smoke exposure and pooled; re-
frigerated and guarded from exposure to air, the pooled
samples were analyzed within two hours for [COHgb]
using a spectrophotometer.18

With smoke generated as described above, animals
were exposed to smoke of 85 + 20 with an 02, CO2,
and CO content similar to that observed in the first

several minutes of experimental house fires.6"2 02 content
of smoke (mean + 1 standard deviation) was 19.70
±0.39Wo measured just prior to exposure and 19.54
± 0.47% measured just after. For CO2 the corresponding
values were 0.94 + 0.24% and 1.07 +0.23%; for CO
they were 0.19 + 0.03% and 0.19 + 0.04%.
When appropriate, pulmonary inoculation with a

murine derived strain of Pseudomonas aeruginosa was
carried out one day after exposure to smoke and/or
burn by placing the animals in a chamber through
which an aerosolized broth culture of bacteria was
circulated for one hour.7 Approximately 2 x 105 organ-
isms could be cultured from each lung of a normal animal
sacrificed immediately after inoculation in this way.

Experiments

Relation of Smoke and Burn Dosage to Mortality
and Morbidity. Animals were divided at random into
four groups: 1) 5% BSA burn-smoke exposure; 2) 10%
BSA burn-smoke exposure; 3) no burn-smoke exposure;
4) sham burn-smoke exposure. Because parenteral fluid
resuscitation had been shown to be without therapeutic
effect in burns of this type, none was given. Within
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INHALATION INJURY IN FIRE VICTIMS 103

each experimental group, subgroups of no less than 6
animals were exposed to smoke for periods varying
from 2 to 12 minutes in duration. Thereafter, mortality
rate, activity, and evidence of respiratory distress
(labored and/or gasping respirations) were noted at least
daily during the subsequent two weeks. Fixed in an

expanded condition after transtracheal injection of
fixative solution, both lungs were examined histologically
in all animals surviving two weeks and in a third of
animals surviving to leave the chamber but dying during
the two week followup period.
Fluid Resuscitation in Large Burns Associated with

Inhalation Injury. Clinically, only fire victims with
large burns require fluid resuscitation, and as will be
described below, they typically develop "delayed onset"
respiratory distress after inhalation of what appears

to be relatively low doses of smoke. In this experiment,
therefore, pathogen-free animals with 25% BSA burns
were exposed to a relatively low smoke dosage of 4
minutes and resuscitated20 with 0.9o sterile saline
using one of three fluid regimens: 1) usual fluid therapy
(equivalent to 10%o BW); 2) no fluid therapy; or 3)
excessive fluid therapy (equivalent to 30% BW). Each
group was followed for 2 weeks and the lungs of animals
dying during that period were examined histologically.
Exposure to Airborne Bacterial Pathogens After

Inhalation Injury. Clinically, whether burned seriously
enough to require fluid therapy or not, patients with
inhalation injury regularly have their air passages

contaminated with nosocomial pathogens, especially
if an artificial airway is used. Therefore, the effects of
inhaled bacteria on pulmonary histology were demon-
strated as follows: Using groups of no less than 12 animals,
a 4-minute smoke exposure was given to animals with
a small (5% BSA) burn or a large (25% BSA) burn with
only the latter receiving resuscitation fluids equivalent
to 10% or 30o BW. One day later, these animals together
with a group of normal animals were exposed to
aerosolized P. aeruginosa for 1 hour and both mortality
rate and serial pulmonary histology determined thereafter.

Results

Relation of Smoke and Burn Dosage to Mortality and
Morbidity. After exposure to smoke for periods of from
2 to 12 minutes, mortality rates in animals with no burn,
sham burn, 5% BSA burn, or 10o BSA burn were as

shown in Fig. 2. With dose plotted on a logarithmic
scale, and response plotted on a probit scale, the data
described nearly straight lines. This linear relation of
response to duration of smoke exposure established
the smoke generated as being of constant toxicity and
allowed determination of an approximate LD50 for each
experimental group.13

In general, animals with no burn either died in the
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FIG. 2. The relation between dose (duration of exposure to smoke) and
response (per cent of smoke-exposed animals dying within 2 weeks) in
animals with no or sham burn, and animals with burns of 5% or 10o
BSA. Indicated by arrows, the LD50 of each group differs significantly
(P < 0.001) from the others indicated.4

smoke chamber or emerged and did well; delayed deaths
in animals with no burn occurred only occasionally
and with rare exceptions only at their LD50 smoke dosage
of 8 minutes. In contrast, at smoke dosages of equal
or less than 9 minutes, delayed death was the rule in
burned animals with 95% of those dying doing so only
after they had left the smoke chamber. While sham
burned animals had 2-week mortality rates similar to
those of animals with no burn (Fig. 2), they occupied
a position intermediate between burned animals and
those with no burn in that 50% of deaths were delayed
after smoke exposure of 9 minutes or less. While there
was a striking difference in the frequency of delayed
deaths in burned animals (Table 1) as opposed to animals

TABLE 1. Immediate and Two-week Mortality Rates After Nine
Minutes of Smoke Exposure in Mice with No Burn,

Sham Burn, or 5% BSA Burn

Procedure Prior to Smoke Exposure

Anesthesia
Per Cent Mortality

Time Rate after 9' Smoke
before Exposure

Cutaneous Smoke
Burns Agent Route Exposure Immediate 2 Weeks

None None 61 72
Sham Metaphane Inhal. 2 hr 29 76*
5% BSA Metaphane Inhal. 2 hr 6t 88*
5% BSA None - ? ?

* Two-week mortality rate differs significantly from immediate mor-
tality rate of the same group (P < 0.05).

t Differs significantly from immediate mortality rate of animals with
no burn (P < 0.05), but not from that in sham burned animals (0.10
> P > 0.05).
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with no burn, the statistical significance of this remains
in doubt because delay also occurred in several sham
burned animals. Indeed, there may be no way to estab-
lish delayed death as other than an anesthetic effect
short of inflicting burns without anesthesia, a procedure
not allowed by animal care regulations. 16
[COHgb] after a given duration of smoke exposure

was found to be the same in animals with no burn and
those with 5% BSA burn, and to be directly proportional
to duration of exposure. After 2 minutes of smoke
exposure, [COHgb] was 14-16% in both burned and
unburned animals; after 3 minutes of smoke exposure,
it was 17-18%; after 7 minutes of smoke exposure, it
was 31-32%. After 11 minutes of smoke exposure,
[COHgbJ was 48% in all animals, a level considered
lethal for mice.

In both burned and unburned animals, respiratory
distress (RD) upon removal from the smoke chamber
was moderate to extreme in severity in all animals
after exposure to smoke for 7 minutes or more, but both
mild and rapidly diminishing (in minutes to an hour)
after smoke exposure of 4-5 minutes or less. Thereafter,
at this lower level of smoke exposure the following
observations were made.

1. No unburned or sham burned animal died or ex-
hibited further RD.

2. While some animals with 5% BSA burn did die
(see Fig. 2), none exhibited further RD and at autopsy
no cause of death was found.

3. One or more days postinjury, those animals with
burns of 10% BSA that died exhibited a delayed onset
pattern of crouched posture and minimal activity asso-
ciated, in a majority of cases, with gasping and/or
labored respiration. When examined at autopsy, however,
no cause of death could be found and their lungs ap-
peared normal or exhibited at most a few areas of minor
congestion and atelectasis.
Fluid Resuscitation in Large Burns Associated with

Inhalation Injury. Among animals receiving 25% BSA
burn and 4 minutes of smoke, those receiving fluid
resuscitation equivalent to 10% BW had a 25% mortality
rate; those receiving resuscitation equivalent to 30%
BW had a 42% mortality rate. In both groups, animals
dying during the 2-week followup period exhibited
variable degrees of RD prior to death, but at postmortem
examination none was found to have more than minor
pulmonary abnormality even when three times the usual
fluid therapy had been given (see Fig. 3a). This was
in striking contrast to similarly injured animals receiving
no fluid therapy. Of these, 100o died within 2 days,
all exhibited severe respiratory distress prior to death,
and at postmortem examination their lungs typically
showed moderately severe pulmonary edema (see
Fig. 3b).

Exposure to Airborne Bacterial Pathogens after
Inhalation Injury. After breathing an aerosol of P.
aeruginosa for I hour, all uninjured control animals
survived and gave no evidence of RD during a 2-week
observation period. Histologically, their lungs showed
a brisk polymorphonuclear inflammatory response
which peaked at 2 days (see Fig. 4a) and receded
rapidly thereafter, but no bacteria were visible. A very
similar response was noted in animals receiving a 5%
BSA burn and 4 minutes of smoke 1 day prior to
inoculation. Their mortality rate of 17% was unchanged
by the bacterial challenge. As illustrated in Fig. 4b,
pulmonary inflammatory response, if anything, appeared
briefer and less intense and no bacteria were visible.
Whether given fluid resuscitation equivalent to 10% or
30% BW, however, all animals receiving a 25% BSA
burn and 4 minutes of smoke 1 day prior to Pseudomonas
inoculation exhibited marked RD prior to death, which
in all cases occurred within 3 days. At autopsy (Fig. 4c)
the lungs exhibited moderate capillary congestion and
moderate parabronchial and paravascular edema with
bilateral diffuse, acute, and often severe pneumonitis
whether they died spontaneously or were sacrificed
at various times PB. Of animals in this group, however,
only those dying spontaneously had foci of free bacteria
as well as polymorphonuclear leukocytes evident in
alveoli throughout each lung suggesting that bacteria
became visible because of postmortem proliferation.

Discussion
Because the precise etiology of RD in fire victims is

to a large extent unknown and uncertain, classifications
similar to that of Stone and based on time of onset are
probably the most serviceable and least controversial.1'3'
Table 2 is an attempt to outline the characteristics of
RD in fire victims as described in the literature of the
past few decades, but reclassified as strictly as possible
according to time of onset.
Of the three categories, acute, delayed, and late, late

onset syndromes are probably the least specific to fire
victims. This is so chiefly because within this group
the signs, symptoms, and pathology of RD are either
characteristic of recognized phenomena such as aspira-
tion, pulmonary embolus, etc., or are to date indistin-
guishable from those occurring in many other serious
multisystemic diseases. In trying to evaluate the animal
model we have described, therefore, we will focus on
how well it simulates the acute and delayed onset syn-
dromes seen in man.

Inspection of Table 2 reveals that in addition to the
delayed onset of abnormal symptoms, signs and roent-
genographic findings, the delayed onset syndrome differs
most strikingly from the acute onset syndrome in three
details:
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1. Patients with RD of acute onset very often have

no or only minor burns. In contrast, with rare exceptions
patients with the delayed onset syndrome almost always
have major burns.22

2. While [COHgb] is usually at least moderately
elevated in the acute syndrome, [COHgb] is virtually
always low or absent when respiratory distress is delayed
in onset.

3. Patients with distress of acute onset and with no
or minor burn have a mortality rate of approximately
11% or less. This often surprises burn surgeons whose
patients with major burns and inhalation injury have
quite high mortality rates, especially in those cases
where inhalation injury is severe enough to produce
acute distress.
With these differences in mind, and with the realiza-

tion that victims, burned or not, of the severest forms
of acute onset distress are frequently found dead "of
asphyxia" at the fire scene, acute and delayed onset

RD in fire victims may be classified into four distinct
syndromes. The distinguishing characteristics of each
are detailed in Table 3.
An adequate experimental model should simulate and

to some extent elucidate the four distinct syndromes
described in Table 3. After analysis, the experimental
dose-response curves developed in our laboratory appear
to do so. Figure 5 describes the characteristics (i.e.,
type ofRD, presence or absence of burn, [COhemoglobin]
and mortality rate) of animals in each of four shaded
areas numbered one through four. These characteristics
in experimental animals correspond closely to the
similarly numbered clinical syndromes described in
Table 3. The curve for animals with 5% BSA burns
is omitted from Fig. 5 since they did not exhibit the
delayed onset RD seen in larger burns at low smoke
dosage and therefore resembled unburned animals in
that respect. Probably because [COHgbi was measured
immediately after smoke exposure experimentally,

a*. SMOKE,

FIG. 3. Effect of fluid resuscitation on postmortem pulmonary histology in pathogen free animals receiving 4 minutes smoke and 25% BSA burn.
(a) Minimal histopathology in an animal receiving excessive fluid therapy and dying 3 days PB. (b) Pulmonary edema in an animal receiving no
fluid therapy and dying I day PB. In each specimen, typical areas are indicated and enlarged at right.
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FIG. 4. Effect ofairborne pathogens on pulmonary histology. Histologic sections were taken from animals sacrificed (a and b) or dying spontaneously
(c) 2 days after aerosol inoculation with P. aeruginosa. Burned animals were inoculated 1 day after burn and exposure to smoke for 4 minutes.
In each specimen, typical areas are indicated and enlarged at right.

but on admission to the hospital minutes to hours later There is some suggestion that even the relatively
clinically, at sublethal levels, the [COHgb] measured high frequency of syndromes 1 and 4 and the relative
in each experimental group was slightly higher than rarity of syndromes 2 and 3 may be explained experi-
usually observed in the corresponding clinical syndrome. mentally (see Table 3 and Fig. 5). Areas I and 4 in Fig. 5
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lie on the relatively horizontal "tail-end" portions of
the S-shaped curves and, therefore, span relatively
large portions of smoke-exposure time. Areas 2 and 3 lie
on vertical and transitional portions of the curves,

spanning relatively brief portions of the possible smoke-
exposure time. This, combined with the observation
that chances of escape diminish with increasing duration
of smoke exposure, may explain the relative frequency
of syndrome 1 (burned or unburned victims who never

escape) and the relative rarity of syndromes 2 and 3.
The relative frequency of syndrome 4 may also be con-

tributed to by the phenomenon of delayed death which
is so striking in burned and smoke exposed animals.
As indicated in Table 1, however, this must be con-

jectural pending proof that delayed death can occur

independent of anesthetic effects in animals exposed
to both burn and smoke.
The parallel between smoke dosage and [COHgb]

measured immediately after experimental smoke ex-

posure confirms Zikria's suggestions that [COHgb]
determined sequentially after admission and properly
extrapolated back to the time of the fire may prove a

useful measure of injury due to smoke exposure.35 Also
instructive is the observation that unburned animals
exposed to a moderate dose (7 min) of smoke and with
a moderate [COHgb] have a strikingly lower mortality
rate than burned animals with the same [COHgb] and
exposure to smoke (c.f. Table 3 and Fig. 5). This "leap"
from one dose-response curve to another may well
explain the extreme contrast between unburned or

minimally burned patients with acute onset distress
and moderate [COHgb] cared for on the pulmonary
service with a low mortality rate (syndrome 2), and
patients with similar acute distress and [COHgb] but
admitted to the burn service with major burns only to
exhibit a 60 to 70% mortality rate (syndrome 3).
Based on the above considerations, Table 4 suggests

a dose-response relationship between absorbed dosage
of smoke and severity of cutaneous burn on the one

hand, and mortality rate and respiratory distress on

the other.
One obvious difficulty in accepting the experimental

model as discussed above is the paucity of findings on

histological examination of the lungs. Brief survival

TABLE 2. Respiratory Distress Syndromes in Fire Victims Listing the Characteristics of Each When Classified by Time of Onset

Clinical
Onset Acute Delayed Late

Days PB <1 1-5 5 to weeks

Stone's term. Acute distress Pulm. edema Pneumonia
e.g. "Overcome" "Shock lung" Aspiration

"Smoke poisoning" "A.R.D.S." Embolus
Heat inhalation "P.-trauma. pul. insuf." Late overload

Cause Direct injury lung &/or gases sepsis Complications of burn &/or
airway in-lung its Rx

combustion toxins

History Cl. space, smoke; facial or Better correlation with burn Varies with etiology
no burns3.21'27'32 size" '4

Symptoms & signs Dyspnea, mania, stupor, Initially few br none; de- Vafies with etiology
wheezes, rales layed tachypnea & RD"8
+ stridor"2'.27.32

X-ray Sometimes + early -Early; later infiltrates s Varies with etiology
(edema, atelec, etc.) 1.3.35 cardiomegaly8'31

Tests T COHgb often21'35 Low or no COHgbl Varies with etiology
4 Compliance Compliance 4
T Resistance & work'5 Resistance & work nl. or T24
+ Cytology2,133Xe? ? Cytology,133Xe t2

Endoscopy Inflammation32 Inflammation +/or soot25 Varies with etiology

Pathology Heat: mostly upper airway Congestion, edema Varies with etiology
damage23.35

With smoke: bronchiolitis Pneumonia8" 4
& pul. edema'9'34

Prognosis Often fatal at fire scene34 Varies with burn severity"8 Varies with etiology
Relatively good if no major

burn2' .33.35
Poor if has major burn3'
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TABLE 3 Acuite and Delayed Onset Respiratory Distress in Fire Victims Subelassified into Four Clinically Distinct Syndromes

#1 #2 #3 #4
Acute Onset Acute Onset Acute Onset Delayed Onset

Syndrome +/- Burn 0 or Minor Burn Major Burn Major Burn

Disposition Dead or moribund at fire To pulmonary service To burn service To burn service
scene

Frequency Common Relatively uncommon33'35 Relatively uncommon Common
e.g. 71% of victims", e.g. 16% of pulmonary e.g. 64% of pulmonary
64%E of early deaths34 complications31 complications'

[COHgb] Often high, e.g. > 50%o in Moderate Moderate Low or absent'
24%, 11 to 49%'o in 35%34 e.g. > 15% in 84%35 e.g. 17-40%*

Death Rate 100%o usually of asphyxia Low High Proportional to BSA
e.g., 64% of deaths < 12 e.g. 0_ %21.33.35 e.g. 65-70'c',31 burned'8
hr. of asphyxia34

* LAC-USC experience 1974-75.

might explain the lack of well developed histological
findings in untreated victims of high smoke dosage.
Quite regularly, however, several days passed before
death occurred in burned animals receiving a 4-minute
dose of smoke and, as seen in Fig. 5 and Table 4, this
was the experimental smoke dosage which seemed to
correlate best with inhalation injury as it is commonly
seen on a burn ward. Surely if our model were adequate,
major histological changes should be seen in these
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animals; none was, however. The cause of the delayed
onset gasping, labored breathing, etc., while due to
inhalation injury (none occurred in burned animals
not exposed to smoke), was not obviously pulmonary.
Could the RD have been toxic or neurogenic in origin?
Certainly it was not secondary to fluid resuscitation
or pulmonary bacterial infection because for experimental
clarity these had been eliminated as variables.
These difficulties led to experiments in which the
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FIG. 5. Dose (smoke expo-
sure) versus response (mor-
tality rate) for mice with no
or sham burn and mice with
10% BSA burn with mor-
tality plotted on an arith-
metic scale to yield S-shaped
curves. Indicated by shaded
areas, four groups of ani-
mals are described with
characteristics correspond-
ing to similarly numbered
clinical syndromes of acute
and delayed onset respira-
tory distress (cf. Table 3).
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variables of fluid resuscitation and pulmonary bacterial
contamination were serially added to the model of
inhalation injury as it is most commonly seen on a burn
ward, i.e., to animals receiving a major burn and low
doses of smoke.
As illustrated in Fig. 3 and with infection still eliminated

as a variable, in animals with a large burn and receiving
4 minutes of smoke, RD, wet and edematous lungs,
and high mortality rate were found in animals receiving
too little rather than the usual 10% BW or 3 times that
volume of fluid. Although therapy with fluids with varying
colloid and sodium content have yet to be studied in
this model, these data suggest that we may have more
to fear from insufficient than excessive fluid therapy in
seeking to avoid the familiar clinical syndrome of wet,
stiff lungs.
As illustrated in Fig. 4, after exposure to the Pseu-

domonas aerosol, animals with small burns and low dose
smoke inhalation did far better at avoiding death and
pneumonia than animals with similar inhalation accom-
panied-by a burn large enough to require fluid resuscita-
tion. As the rate of airway cross infection by bacterial
pathogens such as Pseudomonas approaches 100%
both in pulmonary intensive care units and in burn inten-
sive care units when artificial airways are used, the
experimental design employed was not inappropriate
although clinically the number of bacteria inhaled is
difficult to estimate. The data obtained in the murine
model corresponded well with the relatively benign
history of inhalation injury as seen on a pulmonary
service (that is, accompanied by little or no burn) in
contrast to that seen in patients with a major burn.
As illustrated in Figs. 3 and 4, when burns large enough

to require fluid resuscitation are used, and contamination
by bacterial pathogens is added to the murine model,
not only its natural history but its histopathology comes
to simulate that seen clinically. These findings lead to
important questions about the cause ofRD in burn victims
with smoke inhalation. Is it a large burn, fluid therapy,
or both which after pulmonary bacterial contamination
produce the characteristic histology of pneumonia both
in our model and in man? Is steroid therapy of inhalation
injury perhaps appropriate when accompanied by a
little or no burn, but inappropriate when pulmonary
susceptibility to infection is increased by association
with a large burn? Does delayed onset RD in large burns
occur only in the presence of inhalation injury as sug-
gested by Moylan's data,25 or does it regularly occur
when there is no evidence of inhalation injury as in
other forms of major trauma? Despite elimination of
the need for fluid resuscitation, RD and death were
observed in our pathogen-free murine model in patterns
strikingly similar to that seen clinically; if the ill effects
of pulmonary contamination and imperfect fluid resuscita-

TABLE 4. Apparent Dose Relationship Betwveen Respiratory Distress
and Combined Injury Due to Smoke and Cutaneou.s Burn

"Dose" or "Response"
Magnitude of Injury Due to Respiratory Distress

Smoke Cutaneous Burn
(dosage) (severity) Onset Mortality Rate

High Major Acute Immediately fatal
High Minor or 0 Acute Immediately fatal
Moderate Major Acute High
Moderate Minor or 0 Acute Low
Low Major Delayed - to BSA burned
Low Minor or 0 Acute Negligible to 0

Mild,
transient

tion could be avoided clinically, would RD and death
still occur? Do many of our patients die only with rather
than of pneumonia? Hopefully, further efforts to under-
stand the pathophysiology of inhalation injury in fire
victims will yield answers to these questions.

Acknowledgments

The authors wish to thank Dr. James French and Dr. Thomas
Patrick of the California Institute of Technology's Jet Propulsion
Laboratory for their role in developing the smoke generator. Professor
Clayton Loosli for his help and consultations. John Mohler. M.D.
and the Pulmonary Function Laboratory for analysis of environ-
mental gases, and Dr. John Hardy and Ms. Earlene Johnson for
technical assistance. The M2 strain Pseiudoinonats aeriugim)sai used
in this study was kindly provided by Dr. 1. A. Holder of the Shriners
Burns Institute. Cincinnati. Ohio.

References
1. Achauer. B. M.. Allyn. P. A., Furnas, D. W. and Bartlett, R. H.:

Pulmonary Complications of Burns: The Major Threat to the
Burn Patient. Ann. Surg.. 177:311, 1973.

2. Ambiavagar, M., Chalon, J. and Zargham, I.: Tracheobronchial
Cytologic Changes Following Lower Airway Thermal Injury.
J. Trauma. 14:280, 1974.

3. Aub, T. C., Pittman. H. and Brues. A. M.: The Management
of the Cocoanut Grove Burns at the Massachusetts General
Hospital: The Pulmonary Complications: A Clinical Description.
Ann. Surg., 117:834, 1943.

4. Batson, H. C.: An Introduction to Statistics in the Medical
Sciences. Chicago. Chicago Medical Book Co.. 1956.

5. Benedict, F. G.: The Surface-Area Constant in Comparative
Physiology. Yale J. Biol. Med., 4:385, 1932.

6. Bruce, H. D.: Experimental Dwelling-Room Fires. Report #1941.
Forest Service. US Dept. Agriculture, April 1959.

7. Buckley, R. D. and Loosli, C. G.: Effects of Nitrogen Dioxide
Inhalation on Germfree Mouse Lung. Arch. Environ. Health.
18:588, 1%9.

8. DiVincenti, F. C., Pruitt, B. A. and Reckler, J. M.: Inhalation
Injuries. J. Trauma, 11:109, 1971.

9. Einhorn, I. N.: Physio-chemical Study of Smoke Emission by
Aircraft Interior Materials, Part 1. Physiological and Toxi-
cological Aspects of Smoke During Fire Exposure. Report
No. FAA-RD-73-50-1. Dept. of Transportation. Federal Aviation
Administration, July. 1973.

10. Emmons, H. W.: Fire and Fire Prevention. Sci. Am., 231:21, 1974.
11. Faxon, N. W.: The Management of the Cocoanut Grove Burns



110 ZAWACKI AND OTHERS Ann. Surg. * January 1977

at the Massachusetts General Hospital. The Problems of the
Hospital Administration. Ann. Surg., 117:803, 1943.

12. Fire Protection Handbook, 13th Edition. Nat. Fire Prevention
Assn. Boston, 1969.

13. Finney, D. J.: Probit Analysis, 3rd Edition. Cambridge, Cambridge
University Press, 1971.

14. Foley, E. D., Moncrief, J. A. and Mason, A. D.: Pathology of
the Lung in Fatally Burned Patients. Ann. Surg., 167:251, 1968.

15. Garzon, A. A., Seltzer, B., Song, 1. C., Bromberg, B. E., and
Karlson, K. E.: Respiratory Mechanics in Patients with In-
halation Burns. J. Trauma, 10:57, 1970.

16. Guide for the Care and Use of Laboratory Animals. DHEW
Publication No. NIH 74-23. US Dept. of Health, Education
and Welfare, 1974.

17. Hill, R. M.: Annual Statistical Report, Los Angeles City Fire
Dept., October, 1972.

18. Horvath, S. M. and Roughton, F. J. W.: Improvements in the
Gasometric Estimation of Carbonmonoxide in Blood. J. Biol.
Chem., 144:747, 1942.

19. Mallory, T. B. and Brinkley, W. J.: Management of the Cocoanut
Grove Burns at the Massachusetts General Hospital. Pathology:
With Special Reference to the Pulmonary Lesions. Ann. Surg.
117:865, 1943.

20. Markley, K., Smallman, E. and Millican, R. C.: The Efficacy
and Toxicity of Iso-, hypo-, and hypertonic sodium solutions
in the Treatment of Burn Shock in Mice. Surgery, 57:698, 1965.

21. Mayer, B. W., Smith, D. S. and Hayden, M. J.: Acute Smoke
Inhalation in Children. Am. Fam. Phys. 7:80, 1973.

22. Mellins, R. B. and Park, S.: Respiratory Complications of Smoke
Inhalation in Victims of Fire. J. Ped., 87:1, 1975.

23. Moritz, A. R., Henriques, F. C. and McLean, R.: The Effect of
Inhaled Heat on the Air Passages and Lungs. Am. J. Pathol.,
21:311, 1945.

24. Morris, A. H. and Spitzer, K. W.: Pulmonary Pathophysiologic
Changes Following Thermal Injury in Burned Soldiers. US
Army Inst. Surg. Res. Annual Progress Report, 49, 1972.

25. Moylan, J. A., Adib, K. and Bimbaum, M.: Fiberoptic Bron-
schoscopy Following Thermal Injury. Surg. Gynecol. Obstet.,
140:541, 1975.

26. Moylan, J. A., Wilmore, D. W., Mouton, D. E. and Pruitt, B. A., Jr.:
Early Diagnosis of Inhalation Injury Using 133Xe Lung Scan.
Ann. Surg., 176:477, 1972.

27. Phillips, A. W. and Cope, O.: Burn Therapy: III. Beware the
Facial Burn! Ann. Surg., 156:759, 1962.

28. Radford, E. P., Pitt, B., Caplan, Y., Fisher, R., and Schweda, P.:
Fire Deaths and Casualties in Maryland 1971-1974. Presented
at International Symposium on Physiological and Toxicological
Aspects of Combustion Products, March 18, 1974, Salt Lake
City, Utah.

29. Rosenthal, S.: Experimental Chemotherapy of Burns and Shock.
1. Methods II. Effects of Local Therapy Upon Mortality from
Shock. Publ. Health Rep., 57:1923, 1942.

30. Scholander, P. F.: Analyzer for Accurate Estimation of Respiratory
Gases in One-half Cubic Centimeter Samples. J. Biol. Chem.,
167:235, 1947.

31. Stone, H. H. and Martin, J. D.: Pulmonary Injury Associated
With Thermal Burns. Surg. Gynecol. Obstet., 129:1242, 1969.

32. Wanner, A. and Cutchavaree, A.: Early Recognition of Upper
Airway Obstruction Following Smoke Inhalation. Am. Rev.
Resp. Dis., 108:1421, 1973.

33. Webster, J. R., McCabe, M. M. and Karp, M.: Recognition
and Management of Smoke Inhalation. JAMA, 201:287, 1967.

34. Zikria, B. A., Weston, G. C., Chodoff, M., and Ferrer, J. M.:
Smoke and Carbonmonoxide Poisoning in Fire Victims. J.
Trauma, 12:641, 1972.

35. Zikria, B. A., Budd, D. C., Floch, F., and Ferrer, J. M.: What is
Clinical Smoke Poisoning? Ann. Surg., 181:151, 1975.


